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@ A spark plug. 



© in a spark plug having an electrode nnetal made from a heat-and erosion-resistant nickel alloy whose front 
end has a noble metal tip made of iridium or ruthenium, the electrode metal has a thermal conductivity of 30 
W/m-K or greater than 30 W/m*K. The electrode metal dads a heat-conductive core, and a front end of the 
core is in direct contact with the noble metal tip, otherwise the front end of the core is located near the noble 
metal tip by within a range of 1 .5 mm instead of being in direct contact with the noble metal tip. 
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rnv Thi ? ^P''"' ''f^ ^" '""^'^di^g a metal made from a heat-and erosion-resistant nickel 

ruthinium. ''''' ^ ^^'^ ^^^al tip made ^Mnlr: 



In 



20 



25 



h..n nf^H^^ -^ H^ ^'^^''""^ <^°"^bustion engine, one may use a noble metal tip which has 

sucT as pratlm rh^^irrt"' '''' —--.ant to spark-erosion than other noble me a 

.0 temp'lrures and Zs Tre mo''""".."' ''^''"'"'^ ^"'"""'^'^ oxidation-based evaporation at high 
lav When mJd« T Q^'ckly corroded when the temperature exceeds a critical point. That is to 

teripe^ature " °' accelerated at this criticS 

a cele elecLr'^nn', ''^'^ °' '^^^"^^^ ^^^^^^ Application No. 4-350 discloses 
a centre electrode 100 for a spark plug, as shown in Fig. 6. In the centre electrode lOO a recess 102^! 

wV tZ ^? ■ ' -'^'^ «P is fixedly placedTn the rice s 

In tti,s .nstance, the electrode 101 is made of Inconel 600 so as to resist satisfacto Hy the the ma^ stress 
caused by a d,fference in the therr^al expansion between the noble metal tip 1 0nn7th?fron, Tni o an 
electrode metal 101. Inconel 600 has a good physical strength at high temperature t^ut not a suffic ent 
thermal conductivity to draw the heat from the noble metal tip 103 sufficient 

electCodrrSa!°o;i hTarandT"'"' " ' ''''' ^'^^ ^^^'"^ ^ ^'^^^^^^^ '-"^^-9 an 

e^ect ode metal of a heat-and erosion-res.stant nickel alloy, a front end of the electrode having a noble 

grfir " ^'^'^'^"^^ ^-'"9 ^ -"d-tivity of'about 30 

.^T'^'f I" ^^^^'^'^'^^^^ ""^t^' -^'ads a heat-conductive core, and a front end of the core is in direct 

.ir:tt™rr.srt:%r ^^^^^^ ^^-^ - - - - - the'n:.: rj 

solid^tT;ISr7"'' """'^ Z^''" '''' "'^^ '° °' ^^^^ ^l^'^t^ode metal by forming a 

solidified alloy layer between the noble metal tip and the electrode metal all through their circumferen'al 

tin T'l" r'"^ °' '^^ ""^y ''^ "P^'^'« °' maintaining the temperature of a noble metal ' 

tip restively low so as to significantly reduce the wear to which noble metal tip is subjected 

rh^^h ^^''"ZT' °' discharges between electrodes and temperature rise in a combustion 

chamber, the noble metal tip is exposed to a high temperature environment. In this instance the elect^Jde 
..me a draws a considerable amount of heat from the noble metal tip due to the reasori tha he elec rode 
metal has a good thermal conductivity of 30 W,m,K or greater than 30 W/m.K. This avLl an abno ma' 

.0 IsT sicnTcrnr^^^^^^^^^^ "'^'1 1° T"^"' -'^^"-'^--d -^poration of iridium or rutheniuTso 
"0 as to significantly reduce the wear to which the noble metal tip is subjected 

With the front end of the core located near the noble metal tip within the range of 1 5 mm the heat- 
d awing effect is facilitated from the noble metal tip to maintain the temperature of the tip sufficlent jlow so 
as to minimize the wear to which the noble metal tip is subjected • 

With the noble metal tip laser welded to the front end of the electrode metal by forming a solidified 
• Po°ssi^e'To air: Tr^'f r*'' ^" '^^-^^^ ^-^-^ circumferentla' lengt ns 

the e lectrodfm' . ^ "t'T ^ °' ^"^^ '^^^^ ''^'^^^^ "^etal tip and 

the electrode metal without using Inconel 600. 

^..^^^n^'^^H'V^^ ""^^ understood, the following description is given, only by way of 

example, with reference to the accompanying drawings in which: y . y uy way or 

50 Fig. l is a longitudinal cross sectional view of a lower portion of a center electrode of a spark plug 
Figs. 2a 2c are sequential views -..i^nwing how the center electrode is manufactured- 

H^'^^'! ^ relationship between a spark gap (mm) and specimens (A " H) employed to 

an eiectrooe metal; »- 7 

55 the etectrJdTmetar°'"'"^ ^ relationship between a spark gap (mm) and thermal conductivity (W/m • K) of 

f!Ll 7 ^ relationship between a spark gap (mm) and a distance (L mm) measured 

from a front end of the hete-conductive core to the noble metal tip; and 

Fig. 6 is a longitudinal cross sectional view of a lower portion of a prior art center electrode 
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Referring to Fig. 1 which shows a lower portion of a center electrode 1 of a spark plug the center 
electrode 1 has a heat-and erosion-resistant electrode metal 2 made of nickel. To a front end 3 of the 
electrode metal 2. a noble metal tip 4 is secured which is made of iridium or rethenium to provided it with 
spark-erosion resistant property. 

Upon analyzing laser flash method, the electrode metal 2 has a thermal conductivity of 30 W/m-K or 
greater than 30 W/m-K. Materials employed to the electrode metal 2 are described in detail hereinafter. 
The electrode metal 2 further has a barrel portion 5 and a cone portion 6 extended from the barrel portion 5 
to a diameter-reduced neck 7. The diameter-reduced neck 7 measures 0.85 mm in diameter, and 
continuously leading to the front end 3 of the electrode metal 2. 

In the electrode metal 2. a heat-conductive core 8 is concentrically embedded which is made of copper 
or copper alloy. A front end 8a of the core 8 is located near the noble metal tip 4 within a range of 1.5 mm. 
Otherwise, the front end 8a of the core 8 is in direct contact with the noble metal tip 4 as shown at phantom 
line in Fig. 1 , 

The noble metal tip 4 is made from an iridium-or ruthenium-based alloy containing oxides of rare earth 
metals. The noble metal tip 4 is laser welded to the front end 3 of the electrode metal 2 by forming a 
solidified alloy layer 9 between the noble metal tip 4 and the front end 3 of the electrode metal 2 all through 
their circumferential length. The solidified alloy layer 9 makes it possible to physically strongly bond the 
noble metal tip 4 to the front end 3 of the electrode metal 2. 

A method of bonding the noble metal tip 4 to the front end 3 of the electrode metal 2 is as. follows; 

(i) The heat-conductive core 8 is concentrically embedded in the electrode metal 2 by means of e.g. 
extrusion. The electrode metal 2 is machined to have the cone portion 6. the barrel portion 5 and the 
diameter-reduced neck 7 by means of plastic working or cutting procedure as shown in Fig. 2a. Upon 
applying the extrusion process, the front end 8a of the core 8 is located near the noble metal tip 4-within 
the range of 1.5 mm. 

(ii) The noble metal tip 4 is formed into a disc-shaped configuration to measure 0.8 mm in diameter and 
0,5 mm in thickness. Then, the noble metal tip 4 is concentrically located on the front end 3 of the 
electrode metal 2 as shown in Fig. 2b. 

(iii) By using a YAG laser welder machine for example, laser beams (Lb) are applied to an interface 
between the noble metal tip 4 and the front end 3 of the electrode metal 2 all through their 
circumferential length while appropriately depressing the noble metal tip 4 against the front end 3 of the 
electrode metal 2 by means of a conical jig 10. 

Thus, the laser welding procedure eventually forms the solidified alloy layer 9 at the interface to 
physically strongly bond the noble metal tip 4 to the front end 3 of the electrode metal 2 as shown in Fin 
2c. ^ 

In order to analyze how the wear- resistant property of the noble metal tip 4 is improved depending on 
the thermal conductivity (W/m-K) of the electrode metal 2, specimens A " H are prepared by changing 
constituents of the electrode metal 2. as shown in the following Table. 
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Cr (wt%) 


Fe (wt%) 


Si (wt%) 


Hn {wt%) 


Others 
(wt%) 


Ni (wt%) 


thermal 
conductivity (wt%) 


trademark 


specimenA 


9 


24 






2 


65 


1 2 W/m • K 


Inconel 601 


specimens 


8 


16 








76 


15W/m.K 


Inconel 600 


specimenC 


10 




2 




2 


84 


22 W/m. K 




specimenD 


10 










90 


25 W/m. K 




specimenE 


3 




2 


2 




93 


31 W/m. K 




specimenF 


1.5 




1.5 


2 




95 


35 W/m. K 




specimenG 


1 




1 


0.5 




97.5 


40 W/m. K 




specimenH 












100 


85 W/m. K 


pure nickel 
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The specimens A ~ H are prepared and mounted on the spark plug, an endurance test is carried out 
with the spark plug installed on six-cylinder, 2000 cc internal combustion engine which is operated at 5500 
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5 Fig. 5 shows how the spark gap (mm) increases depending on a distance (L mm) between th^ nnhi. 

metal tip 4 and the front end 8a of the heat-conductive core 8 In Fin s Z TJ^,^^ 

IncrlUrof L'Tpr;a7(mm?- ' '''' "^^"^^"'^'^^ ^° ^-•'< -P'^'V drops the 

1 «5 .^!'m'"f fn^^^ ^' """'^^'^ °' ""^ 'P^^*^ "^^P* small until the distance (L) exceeds 
1.5 mr^ when he thermal conductivity is greater than 30 W/m-K (specimen E) in opposition to the case 'n 

r ma l er Tan 30 wTk TrT' '''''''' ' ' ^-^^ thlrmal conduc iv, y 

IS smaller than 30 W/m-K (specimen A). That is to say, the thermal conductivity greater than 30 W/m-K 
enables to avoid the rapid temperature rise of the noble metal tip 4 ,o minim'zeTs wear subst^n^a Iv 
irrespective of the distance (L) between the heat-conductive core 8 and the noble metal tip 4 '"'"'"""""^ 
,n, *° ''L® P"°^ electrode 100 in Fig. 6. the noble metal tip 103 is placed in the recess 

02 which ,s provided on the front end of the electrode metal 101. This requires a step to ma e he recess 
102 so as to increase the manufacturing cost. recess 

When the diameter of the recess 102 is greater than that of the noble metal tip 103. the noble metal tip 

.s i^ectrodeiu" ^° ^'^^'^ to the jnt :n7:rtJ: 

When the diameter of the recess 102 is smaller than that of the noble metal tip 103 It is difficult to 
place the tip 03 m the recess 102. thus taking a more time to bond the noble metal p 103 to he 
elecn^ode metal 101. This is particularly disadvantageous when reducing i, to mass producl^n 
oi. ?V ^'^^^^^ Present invention, the noble metal tip 4 is physically strongly welded to the 

ItZT Z I "'"'"^ ''P " °" 3 elec rode r^etaTl and mu5 

.l.r!rnH "Pr^"^"'^^ ''"^ "^^ ""'^'^ "^^t^' ^ "^^V ^6 welded to a ground electrode instead of the center 
35 JSde metal '^^^ ^ heat-conductive core embedded " an 

It is Observed that the noble metal tip 4 may be secured to a side portion all or part of the electrode 
metal 2 instead of the front end 3 of the electrode-metal 2 k-- i or me eiectroae 

m.,r, ^K^"° ^PP^^rf^'^' ''^^^ "^'"^ "^^^^1 ''P ^ "^ay be secured to the front end 3 of the electrode 
metal 2 by means of electron beam welding or the like eieciroce 

'° .h^tTh'^H""^ "^^^ ^^'^^^""^^ *° "^^ SP^*^'"'^ embodiments, it is understood 

that this descnption .s not to be construed in a limiting sense in as much as various modifications and 

?he r;:rntion ''"'"'^ -^^o^^^-'s may be made by skilled artisan without departing from the sTope o' 
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1. A spark plug having an electrode including an electrode metal (2) of a heat-and erosion-resistant nickel 

.Th ""''^"'^ ''""3 ' "P -^^^ °^ '^'<^-^ °^ -'Senium and the 

electrode metal having a thermal conductivity of about 30 W/m.K or greater. 

2. A spark plug according to claim I . wherein the electrode metal (2) dads a heat-conductive core (8). 
meTaftt according to claim 2. wherein a front end of the core (8) is in direct contact with the noble 

4. A spark plug according to claim 2. wherein a front end of the core (8) is located near the noble metal 
tip (4) within a range of about 1.5mm therefrom. 
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5. A spark plug according to any one of the preceding claims, wherein the noble metal tip (4) is laser 
welded to the front end of the electrode metal (2). thereby forming a solidified alloy layer (9) around the 
circumference of the interface between the noble metal tip (4) and the electrode metal (2). 

5 



J5 



20 



25 



30 



35 



40 



50 



55 



. 5 



<£P_0e371 1 3A1 JL> 



EP 0 637 113 A1 



Fig. 1 

3 A 
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Fig. 2a 
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Fig. 5 
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